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B OE (FFI v THRAEAZH KPR EZALRSEEA, #IRMINE R X IHATH (extraintestinal
pathogenic Escherichia coli, ExXPEC)% Ewfzh i B A= &, [ B 91 KA KR ExPEC &9 &f 25 1 & 3L
Sath KR A T A A Feymmr . [F %1 RBUE R BHAEENZ 54 #H R EXPEC 3t 22 # 41
A # 69 K37 H /R (minimal inhibitory concentration, MIC)#= /& 7 & /K & (minimum bactericidal
concentration, MBC); 1R4EH# XM 4 R A Am 5K E, KA PCR 7 &40 4 & 4K DNA F=
Ji¥i DNA bagid 25 BB 1 K#E5TF oA, [4R] 54 WER ExPEC HHEH. ARLE.

BB, FEERGEMNS, L 52 ¥ ATFTRER. A7 #HEN A, €149 MIC /&
¥KF 256 pg/mL, £ MBCA; FkFarkrk, WIRE. kHARF. XNEL. 5 Z0 MICAA
1-256 pg/mL Z. 1A, MBC /A4 %4 8. 16. 32. 64. 128. 256 pg/mL, ¥ &% 11 #A LA £,
HFoatz 1744 Z, LA 18.52%, EH#EA 47 4. AT 7 RABRFHEE 20 4, FEAK
DNA P& aph(3)-Ila 3B 514 19 Fat 25 K B T, VA aadAl Ao tetd oo b 2R &, I A R34945
WS AL LAt B, ik DNA R tetB. tetC. SHV. qnrd B9 16 #dt2h L B 3T, »A
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floR 2 parC #o b £ & &, T A BRI 5 Fvh Latgh A B 1 K2 4F £ % &4k DNA #2 /i 45 DNA
FrAMAR R SR A 96.3% A 98.15%, FAMEAMRM A S EW. [4#] %R ExPEC % Ea 24
PE, Wi RS, WHKRAL 1 XESTAES ER DNA fo ik DNA ¥ 94 485, Wi
A SRR G GLERER —FAAXME, M [ XEST AL XG0T a6t 25 K E KP4 69 .
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Analysis of drug resistance and detection of drug resistance
gene and class I integron in porcine ExXPEC
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Abstract: [Background] The long-term massive and irrational use of antibiotics has led to increasing
multi-drug resistance of extraintestinal pathogenic Escherichia coli (EXPEC) isolated from pigs.
[Objective] To investigate the drug resistance of EXPEC isolated from pigs and its correlation with drug
resistance genes and class I integrons. [Methods] The minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC) of 54 strains of ExXPEC isolated from pigs against
22 antimicrobial drugs were determined by micro-broth dilution method. The drug resistance genes were
identified based on the results of drug sensitivity tests, and the distribution of drug resistance genes and
class I integrons on chromosomal DNA and plasmid DNA were detected by PCR. [Results] The
54 strains of porcine EXPEC were highly resistant to penicillin, florfenicol, ampicillin and amoxicillin,
of which 52 strains of porcine EXPEC were highly resistant to trimethoprim and cotrimoxazole, and their
MIC values were greater than 256 pg/mL, no MBC value; and MICs to cefazolin, tetracycline,
cefadroxil, daikonin, and streptomycin were 1-256 pg/mL with MBC values of 8, 16, 32, 64, 128, and
256 pg/mL, all tolerating more than 11 antimicrobial drugs, of which 17 were predominantly tolerated,
accounting for 18.52%, with 47 drug resistance spectrums. We identified 20 drug resistance genes in
7 major categories, 19 drug resistance genes in chromosomal DNA except aph(3')-Illa gene were
detected, with the highest detection rate of aadAl and tetA, and all strains carried more than 5 drug
resistance genes; 16 drug resistance genes in plasmid DNA except fetB, tetC, SHV and gnrA genes were
detected, with the highest detection rate of floR and parC, and all strains carried more than 5 drug
resistance genes. The positive detection rates of class | integrons in chromosomal DNA and plasmid
DNA were 96.3% and 98.15%, respectively, and all positive strains were multi-drug resistant strains.
[Conclusion] ExPEC isolated from pigs has serious multi-drug resistance, the drug resistance profiles
are complex and diverse, a very high distribution of resistance genes and class I integrons in
chromosomal DNA and plasmid DNA, and a correlation between the development of resistance and the

presence of resistance genes, which in turn increases the risk of horizontal transfer of resistance genes.
Keywords: pigs; enteropathogenic Escherichia coli; drug resistance; drug resistance gene; class I integron
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Wb bR R 7T B (extraintestinal pathogenic
Escherichia coli, ExPEC)4& — 2H A [A] Fl 2 1)
E. coli, AMUFTIER EF- T AR piE,
HABRA M 5 S TR IURE , I35 A W I A 5= 7
BIE A3 SO (1] 157 SN S U N [ 7 NN )
RAEN, Pk, FIEIR ExPEC 7RI IR L #Y

G R R IR TR S, faF HilmER,
H T BiIE KA o /8 e i) 2T B R R BT
AR BRI G bR R 58U IE ExPEC
ZEMA WK 232, LRI T BRI,
7' B 52 ) iz A0 B0 1k O i A TR IR G 1Y B R 2
R WF5E W, ExPEC Mif 251 1977 A 5 Z R A
BAHX, Hh 58ETFMXRENEY], Mt
FERAEHH B R AR PR AEA R A S Fh 2
[F1) £ 3 TN R iR 245 1

N T AR AR B IR ExPEC YT 251 L H 5
M5 . AT ZHMMHEEXR, Ak L
GRS B 54 BRAMEIR ExPEC AMBFRIM L, X
PRV A T B R0 2 TR R AT 22 At A R 1Y
T {FC 1 A 6 B (minimal inhibitory concentration,
MIC) Fl % ik A& B ¥ & (minimum bactericidal
concentration, MBC), #KHEIRI0 45 S A 2 AH S it
ZGFE, R PCR BRI G (& DNA FIBUR:
DNA L 252N e 1 288 E T AifEol, LY
R IR _F ARG IR BExPEC JEUL R RMIFEL
it AR SCHE

1 #R5F%

1.1 =#k

54 MRAE IR ExPEC R H S A RITE R
A AR Wb, TP X R EE AR S R
F A 27 B A i ST AR AT, M OCTS
HEBIE 1,

KIGHFREARAER ATCC25922 ., 4 (0 7%
BREFRMER CMCC26003 2 i 220 b K250

Wit G S5 B = ARAE
1.2 FERAFIFMUBRIEFE
2xTaq PCR MasterMix ,DL2000 DNA Marker
il GelRed IR Y IR, M 0L ERHEDRHCA TR
INHL R DNA N glifbiil &, pulE e A
FRAF; HRHRPEN), FSEPARAMX). 2~
FEAR(AMP) . kAIBEFR(CFZ), SkMETE(CA).
461 i #A(CRO)  fiE 55 R (STR) . KRB R (GEN).,
RHFEE R (RAN) . T RIB(AMK) . ¥ =
(NEO). KWE X (SPT). MUFRZE(TE)., LTI ER
(DX). #ARJEH (FFC), H - HWE E (TMP)
7B WI(SXT) . A IP 2 (OFL). BT R
(ENR), FRNVPE(CIP), £%i#H X B (PB)., £%h
W& E (CT), FXKEAEYRHEARAR.,
BERSH VKA, dbm i —EWRHE A R A
Al FERAR G R A, g SC AR AR A E]
FERVRELOHL, ZRP R A PCRAY,
GIEEEAEYRHARA A
KA A R R A s R L, SR E R A YR
FARAF; FREIISNRR R | ems K =53
BRE IR HE K S A R B R AR #
BUM AR
1.3 %55 ExPEC ZA8i I (HERAHEL)
Fic 1R 5 [0 I DR 52 30 & b v AR 58 T HE 2 1)
Tl NG REIR AT 54 BRAEUR ExPEC #E1T MIC
I MBC E , IS A2l i (0 25 5t 2 H
iR,
1.4 %8 ExPEC MiZ5E RN
1.4.1 31K DNA X RH DNA BJIREY
etk DNA SR Z AL EL; okl DNA
Fae B TORLAR IO ) S U B A T
1.4.2 PCR i85 EE
ZICER[T-81E 8 7 2 20 ANIHZG R Y
PCR #5149, ffh: PUREIEMIZ55EA tetd |
tetB. tetC. tetM; P-4 5L TEM
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OXA . SHV . CTX-M;; TR 25BN sull | sul2;
AR e B R 25 HE I floR s KT8 2R 2 i 24 2k [K]
mer-1;5 VEEINZEIN 253 8 parC. gnrd . qnrB.
gnrC; &IREWE M 253 K aadAl . aadB .
aac(3')-lla. aph(3')-lla. 53 HVIFEF 2 DNA Fl

1 54 #3EE ExPEC =58

Jk. DNA MHEARHEST PCR . BI9TFH
PCR W) Fr BE RN 2, 519 e A R 55
(CEEOBE ARG RNVERRILE 3, RN
PEULEE 4. PCR P29 1 1% B AR ARHEE I v vk 2B 7

R, BER AR RGOS IC KA R

Table 1 Background information of 54 strains of swine derived EXPEC

5 Rtk 53 BT[] I3 B HILIX. B9 WS 53 BT[] Sy B HLIX

No. Strains No. Isolation time  Location No. Strains No. Isolation time  Location

1 AH shoul8-1 2018.03 T Anhui 28 JSxul18-3 2018.05 VL5 Jiangsu

2 AH shoul8-2 2018.03 L% Anhui 29 JSdal8-8 2018.05 YL75 Jiangsu

3 AH shoul8-4 2018.03 U Anhui 30 JSdal18-9 2018.05 VL5 Jiangsu

4 AH shoul8-5 2018.03 U Anhui 31 JSdal8-10 2018.05 VL5 Jiangsu

5 AH shoul8-6 2018.03 4 Anhui 32 JSdal8-12 2018.05 VT3 Jiangsu

6 AH shoul8-7 2018.03 %14 Anhui 33 SDjie18-3 2018.07 1I%& Shandong
7 AH shoul8-8 2018.03 G Anhui 34 SDjiel8-10 2018.07 1% Shandong
8 AH shoul8-9 2018.03 ‘%44 Anhui 35 SDjiel8-11 2018.07 LI 4 Shandong
9 AH shoul8-10  2018.03 U Anhui 36 SDlin18-7 2018.07 114 Shandong
10 AHhuail8-2 2018.03 U Anhui 37 SDIlin18-10 2018.07 114 Shandong
11 AHhuail8-12 2018.03 4 Anhui 38 SDlin18-12 2018.08 1114 Shandong
12 AHsuil8-1 2018.03 14 Anhui 39 SDlan18-2 2018.08 1% Shandong
13 AHlin18-3 2018.03 L4 Anhui 40 HBgul8-8 2018.12 1t Hebei

14 AHquan18-1 2018.03 LY Anhui 41 HByan18-2 2018.12 4t Hebei

15 AHgquan18-2 2018.03 U Anhui 42 HByan18-3 2018.12 [t Hebei

16 AHquan18-3 2018.03 U Anhui 43 HByan18-4 2018.12 [t Hebei

17 AHquan18-4 2018.03 LY Anhui 44 HByan18-5 2018.12 Tt Hebei

18 AHquan18-6 2018.03 T Anhui 45 HByan18-8 2018.12 1t Hebei

19 AHsil8-3 2018.03 ‘U Anhui 46 HBxian18-3  2018.12 Ak Hebei

20 AH 1i19-1 2018.03 Y Anhui 47 HBxianl8-4  2018.12 Ak Hebei

21 AH 1i19-2 2018.03 U Anhui 48 HBcangl8-4  2018.12 [t Hebei

22 AH 1i19-3 2018.03 U4 Anhui 49 GXxinl9-8 2019.03 I 74 Guangxi
23 AH 1i19-4 2018.03 % Anhui 50 GXhengl9-6  2019.03 ] 78 Guangxi
24 AH 1i19-5 2018.03 14 Anhui 51 GXguil9-4 2019.03 J” 7 Guangxi
25 AH 1i19-6 2018.03 %14 Anhui 52 GXguil9-5 2019.03 J” 7§ Guangxi
26 JSxul8-1 2018.05 YT.75 Jiangsu 53 GXqinl9-4 2019.03 ] 74 Guangxi
27 JSxu18-2 2018.05 VL7 Jiangsu 54 GXqinl9-8 2019.03 I 74 Guangxi
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Table 2 Primer information of drug resistance genes of porcine EXPEC

PUERRIIE
Types of antibiotics

it 245 1 A

Drug resistance genes

519751

Primers sequence (5'—3")

PR
Products size (bp)

PUFR R

Tetracyclines

B-IPL M

B-lactams

WA FE
Florfenicol
W T R 2SS
Quinolones

1K

Sulfonamides

HHPEH
Aminoglycosides

U B S

Colistins

tetA

tetB

tetC

tetM

TEM

CTX-M

OXA

SHV

floR

parC

qnr4

qnrB

qnrC

sull

sul2

aadAl

aadB

aac(3')-1la

aph(3')-1la

mcer-1

F: GCCTCCTGCGCGATCTGG

R: CGAAGCAAGCAGGACCATG

: CAGTGCTGTTGTTGTCATTAA
: GCTTGGAATACTGAGTGTAA
: ACTTGGAGCCACTATCGAC

: CTACAATCCATGCCAACCC
GTGGACAAAGGTACAACGAG
: CGGTAAAGTTCGTCACACAC
CAGAAACGCTGGTGAAAG

: TTACCAATGGTTAATCAGTGAG
CGCTTTGCGATGTGCAG

: ACCGCGATATCGTTGGT
TTTTCTGTTGTTTGGGTTTC

: TTTCTTGGCTTTTATGCTTG
AGCCGCTTGAGCAAATTAAAC
: ATCCCGCAGCTAAATCACCAC
GAACACGACGCCCGCTAT

: TTCCGCTTGGCCTATGAG
CTGGGTAAATACCATCCGCAC
: CGGTTCATCTTCATTACGAA
AGAGGATTTCTCACGCCAGG
: TGCCAGGCACAGATCTTGAC
GGCATCGAAATTCGCCACTG
: TTTGCCGCCCGCCAGTCGAA
CGGCGTGGGCTACCTGAACG
: GCCGATCGCGTGAAGTTCCG
CGGCGTGGGCTACCTGAACG
: GCCGATCGCGTGAAGTTCCG
CTTGTTTCGTCCGACACAGA

: GAAGCGCAGCCGCAATTCAT
GCAGCGCAATGACATTCTTG
: ATCCTCGGCGCGATTTTG
GAGGAGTTGGACTATGGATT
: CTTCATCGGCATAGTAAAA
GGCGACTTCACCGTTTCT

: GGACCGATCACCCTACGAG
TGACTGGGCACAACAGACT

: TCAAGAAGGCGATAGAAGGC
: CGGTCAGTCCGTTTGTTC

: CTTGGTCGGTCTGTAGGG

AT AFOT”AFROTARODAODAAODT AT IT IO R®RTDTR®TODAIAODAAT®T TR T AT TRIT

848

571

427

406

788

550

447

713

601

987

580

264

447

433

435

282

208

412

717

309
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%3 PCRRFKFR
Table 3 The PCR reaction system

Tt 245 [ 2xTag PCR L5149 TS ddH,0 DNA #it EATR
Drug resistance  master mix ~ Upstream primer Downstream primer (nL) DNA template Total volume
genes (uL) (10 pmol/L) (uL) (10 umol/L) (uL) (uL) (nh)
tetA 12.5 1.0 1.0 9.5 1.0 25
tetB 12.5 1.0 1.0 9.5 1.0 25
tetC 12.5 0.5 0.5 7.5 4.0 25
tetM 10.0 0.5 0.5 7.0 2.0 20
TEM 12.5 1.0 1.0 9.5 1.0 25
CTX-M 12.5 1.0 1.0 9.5 1.0 25
0XA4 12.5 1.0 1.0 9.5 1.0 25
SHV 10.0 0.5 0.5 7.0 2.0 20
floR 12.5 0.5 0.5 7.5 4.0 25
parC 12.5 1.0 1.0 10.0 0.5 25
qnrd 12.5 1.0 1.0 8.5 2.0 25
qnrB 12.5 1.0 1.0 8.5 2.0 25
qnrC 12.5 1.0 1.0 8.5 2.0 25
sull 10.0 0.5 0.5 8.0 1.0 20
sul2 12.5 1.0 1.0 9.5 1.0 25
aadAl 12.5 0.5 0.5 10.5 1.0 25
aadB 12.5 0.5 0.5 9.5 2.0 25
aac(3')-Ila 12.5 0.5 0.5 7.5 4.0 25
aph(3')-1la 12.5 1.0 1.0 8.5 2.0 25
mcr-1 12.5 1.0 1.0 9.5 1.0 25

x4 PCRIREH
Table 4 The PCR reaction conditions

TiFf 245 [ AR AR Bk A {IEEZ8 2 ST3H A
Drug resistance Pre-denaturation Denaturation Annealing Extension Number of  Termination Preservation
genes (°C/s) (°Cls) (°C/s) (°C/s) cycles extension (°C/s) (°C)
tetA 94/300 94/30 58.0/30 72/45 34 72/420 4
tetB 94/300 94/30 58.0/30 72/60 25 72/300 4
tetC 95/300 94/30 50.0/30 72/45 30 72/600 4
tetM 94/180 94/30 60.9/30 72/60 34 72/300 4
TEM 94/300 94/30 54.0/30 72/60 25 72/300 4
CTX-M 94/300 94/30 54.0/30 72/60 34 72/420 4
OXA 94/300 94/30 53.0/30 72/60 25 72/300 4
SHV 94/300 94/40 56.0/40 72/45 30 72/300 4
floR 95/300 94/30 52.0/30 72/45 30 72/600 4
parC 95/300 94/30 53.0/45 72/60 30 72/300 4
gnrd 94/180 94/30 55.0/30 72/40 30 72/420 4
qnrB 94/180 94/30 55.0/30 72/40 30 72/420 4
qnrC 94/180 94/30 55.0/30 72/40 30 72/420 4
sull 95/180 95/20 55.0/30 72/36 35 72/420 4
sul2 94/300 94/30 60.0/30 72/60 25 72/300 4
aadAl 94/600 94/60 60.0/60 72/60 30 72/300 4
aadB 95/300 94/60 53.0/60 72/60 30 72/300 4
aac(3')-1la 95/300 94/30 54.0/30 72/45 30 72/300 4
aph(3')-1la 94/600 94/50 54.0/45 72/50 32 72/600 4
mcr-1 98/180 98/30 55.0/30 72/60 30 72/600 4
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1.5 %8 ExPEC I £ &F#N

S CHR[91G 8 1 REE S B (inel 1Y)
PCR #5491, 519 F (5-GGTCAAGGATCTG
GATTTCG-3")HI R (5'-CATGCGTGTAAATCAT
CGTC-3" il A R (CLBOA PR A A .
H AR BERK BN 483 bp, /A LAGL ALK DNA Al
ik DNA AMEAIEFT PCR W . PCR WA
#(20 uL): 2xTaq PCR MasterMix 10 puL, [,
FHE51 4 (10 umol/L)4% 0.5 pL, DNA HiAR
2 uL,ddH,0 7 pL.PCR S 14 : 94 °C 5 min;
94 °C 40 s, 56 °C 40 s, 72 °C 50 s, ffHH
32 ¥k ; 72 °C 8 min, PCR W ¥l 1%
W BRE IS FL DK A A, FHBE I AR 3R e WL 56 T
O R

£S5 54 #K3EE ExPEC Xf 22 #in4E &= H) MIC &

2 BREMN

2.1 &R ExPEC HAHEIRWINERH#HR
BVER

54 #RHEUR ExPEC Xf PEN. AMX. AMP Fi
FFC Bz, o 52 #fkxt TMP Fil SXT &
i 25(MIC>256 pg/mL, JG MBC {&); X PB ffUz%
(MIC {E7E 1-16 pg/mL Z[a], MBC {E4510 2.4,
8. 16, 32, 64 ug/mL); X} CFZ, TE, CA. SPT,
STR. RAN, GEN, CT, DOX, CRO, CIP, NEO
FIENR [ 25 (MIC i 1E 0.25-256 pg/mL Z ], MBC
A5 025, 05, 1,2, 4, 8, 16, 32, 64, 128,
256 pg/mL, FrEIkE MIC>256 pg/mL , & MBC 1),
MIC & MBC HARZ A& W2 5. % 6. 54 tk

Table 5 The MIC value of 54 strains of EXPEC to 22 antibiotics

AR T PREC MIC {8
Antibiotics  The number of bacteria and MIC value (ng/mL)

<0.25 <0.5 1 2 4 8 16 32 64 >128 >256
PEN 54
AMX 54
AMP 54
CFz 2 1 3 1 47
CA 4 1 7 1 1 40
CRO 5 3 1 4 4 2 3 32
STR 1 2 3 3 4 7 34
GEN 1 7 3 6 6 5 7 17
RAN 3 4 3 1 1 41
AMK 3 5 7 19 20
NEO 1 3 9 1 3 10 5 2 20
SPT 2 2 45
TE 1 1 1 14 12 17
DOX 1 1 5 12 13 18 3 1
FFC 8 46
TMP 1 53
SXT 1 52
ENR 21 2 1 4 3 8 3 7 5
CIP 8 2 5 10 6 5 5 6 1
OFL 14 4 4 2 12 5 7 6
PB 2 1 12 22 11 2
CT 2 16 20 9 3 1 3
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R 6 54 £kIER ExPEC X 22 #in4 &89 MBC &

Table 6 The MBC value of 54 strains of EXPEC to 22 antibiotics

AR Witk %5 MBC {H The number of bacteria and MBC value (ug/mL)

Antibiotics (.25 0.5 1 2 4 8 16 32 64 128 256 Number
PEN 54
AMX 54
AMP 54
CFZ 1 1 1 1 47
CA 2 2 6 2 42
CRO 3 1 2 2 1 3 3 3 2 33
STR 1 1 3 2 3 5 39
GEN 1 5 1 1 3 5 2 1 9 3 23
RAN 1 4 2 3 2 1 41
AMK 8 3 10 12 1 20
NEO 3 6 3 1 1 3 6 31
SPT 1 3 2 48
TE 2 5 1 10 12 24
DOX 1 6 9 13 16 4 5
FFC 54
TMP 1 53
SXT 1 52
ENR 10 4 1 4 3 3 4 13
CIP 2 3 1 2 7 2 16
OFL 3 3 6 4 4 7 3 6 11 2
PB 1 1 1 11 16 13 6 2

CT 1 1 14 21 9 4 2 2

¥R ExPEC W32 11 R AR, W hZE
Mz, Hh Mz 17 FyiERENFE, SN
18.52% (10/54 ¥k), 4 3 FR(5.56%)53 & Fkiif %2
22 FhprAE, B2 T E PR R 2y
TEA 47 F, Hid ) PEN+AMX+AMP+CFZ+CA+
CRO+STR+GEN+RAN+AMK+NEO+SPT+TE+
DOX+FFC+TMP+SXT+OFL+ENR+CIP+PB+CT
#1 PEN+AMX+AMP+CFZ+CA+CRO+STR+GEN+
RAN+AMK+NEO+SPT+TE+DOX+FFC+TMP+
SXT fi bt K, (5 EL¥ R 6.38% (3/47)
2.2 &R ExPEC fZAE RN % R
22.1 #E&{Kk DNA MAERENER

20 AN 25 0k R 7E 4 B K DNA FBR
aph(3)-Ila FERARRRN SN, HAy 19 HNFEH Y

AR, AR ZEN S BURIKIKCN aadAl
(87%, 47/54). tetd (87%, 47/54). parC (83.3%,
45/54) sul2 (79.6%, 43/54) . TEM (77.8%, 42/54) .
floR (72.2%, 39/54). CTX-M (57.4%, 31/54),

gnrC (55.6%, 30/54). sull (55.6%, 30/54). tetC
(53.7%, 29/54) . aadB (31.5%, 17/54). aac(3')-Ila
(31.5%, 17/54). SHV (22.2%, 12/54). tetM
(20.4%, 11/54) . qnrB (16.7%, 9/54) . tetB (14.8%,
8/54). OXA (5.6%, 3/54). mcr-1(5.6%, 3/54)F
gnrd (3.7%, 2/54), Horb aadAl | tetA . parC . sul2 .
TEM. floR JEH BRI LT 70%. BT A TR R
PGS S FhLL M2 JEN, femy nlHEY 13 Fl, L
R 10 Mo, HER 24.08% (13/54 1K)
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2.2.2  JRAL DNA Tt Z5 2 E M 25 R

20 M 25 FE N 7E Bk DNA _EER retB | tetC
SHV Tl gnrd FEEARAGI RSN, Hay 16 DA
VIR R, 25 R 3R s BRIl floR
(98.2%, 53/54) . parC (98.2%, 53/54) . TEM (87%,
47/58) . aadAl (87%, 47/54) . tetd (83.3%, 45/54) .
sul2 (77.8%, 42/54). gnrC (70.4%, 38/54). aadB
(68.5%, 37/54). CTX-M (66.7%, 36/54). tetM
(50%, 27/54). sull (33.3%, 18/54). aac(3)-Ila
(31.5%, 17/54). mer-1 (31.5%, 17/54). qnrB
(18.5%, 10/54). OXA (3.7%, 2/54)F1 aph(3))-Ila
(3.7%, 2/54), " aadAl. tetd. parC. sul2.
TEM. floR Fl gnrC FEH BRI L 70%.

FIA TR S FP L B 2536, A T i
W13 B, FOR I 10 Aol I, T HER 27.78%
(15/54 ¥£).
2.3 ¥&E ExPEC I £ESFRMER

54 BRAE U5 EXPEC 1 2858 g ik DRI > B 1
R FRFE YL ik DNA A 52 ¥k, KRN
96.30%; 7EJFTR DNA HG 53 Bk, 1 24 98.15%.
2.4 ¥&IF ExPEC MiZh% 5t 25 £ E A9+
x4

3 7 AIAL, 54 BRAEIR EXPEC i 24 5L K]
tetA. TEM. CTX-M. tetC. tetM. sull. sul2.
gnrC. parC. aadAl. aadB F floR WK -5
PR AR TR 2 2 B4 L2 A (5 35 AH OGP (P<0.01) 5 i 24

FT 7 54 HKIEIRE ExPEC Tz 525 & E 8948 45 87

Table 7 Analysis of the correlation between drug resistance and drug resistance genes of 54 strains of porcine

ExPEC
PR T 245 TR PR TS 24 5 (K] M 25 TR YL (1 DNA BHIPER 25 BT bR SR DNA PR
Types of antibiotics Number of drug  Drug resistance Chromosome DNA positive rate Plasmid DNA positive rate
resistant bacteria gene of drug resistance strains (%) of drug resistance strains (%)
B- N BEME 54 TEM 42(77.78)a 47(87.04)a
B-lactams SHV 12(22.22)a 0(0)b
0X4 3(5.56)a 2(3.70)b
CTX-M 31(57.41)a 36(66.67)a
PUFFZEJE Tetracyclines 52 tetA 47(87.04)a 45(83.33)a
tetB 8(14.82)a 0(0)b
tetC 29(53.70)a 0(0)a
tetM 11(20.37)a 27(50.00)a
TR JE # 2K Florfenicol 54 floR 39(72.22)a 53(98.15)a
LI 53 aadAl 47(87.04)a 47(87.04)a
Aminoglycosides aadB 17(31.48)a 37(68.52)a
aac(3')-1la 17(31.48)a 17(31.48)b
aph(3')-Ila 0(0)a 2(3.70)b
fifi JieZs Sulfonamides 54 sull 30(55.56)a 18(33.33)a
sul2 43(79.63)a 42(77.78)a
M2 Quinolones 33 parC 45(83.33)a 53(98.15)a
qnrd 2(3.70)a 0(0)b
qnrB 9(16.67)a 10(18.52)b
qnrC 30(55.56)a 38(70.37)a
AT S Colistins 36 mer-1 3(5.56)a 17(31.48)b

T AT B [ 2R A i 24 22 B 5 24 B8 DR S A 5 MG (P<0.01) [T B AN AR [ SR WA 245 28 8 5 5 245 B R A DG PEAS

B (P>0.05)

Note: The same letters showed that the drug resistance phenotype was highly correlated with the drug resistance gene (P<0.01),
and the difference of the same letters showed no significant correlation (P>0.05).
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FeN mer-1. OXA. SHV . tetB. qnrdA. qnrB.
aac(3")-Ila T aph(3')-ITa 5 H K24 22 5 A9 A0
KHEA B3 (P>0.05),
2.5 &R ExPEC TZhtt 5 1 £¥ 5 F8I4H
K

54 BRAEUR EXPEC Y ZE Mt 25 Rk, ATt
Z 1122 Mt R . Hi 1251 ind] HEH
TEYL (/R DNA FIFURL DNA H 4 Sk BH A ) T Ak
A 528k, BN 96.3%, T2 11-22 Fhiid &K ;
BRI MRS 1 Bk, SRk 1.85%, MNaZ
11 A 25 FEYL ok DNA Fp kg B i 78 ook
DNA HONBHMER A 1 8k, Sy 1.85%,
{3z 19 FpiE R . LA L, & ExPEC 128
BEFREN 52 EM2GPEZ X R BB .
2.6 4R ExPEC FRIMAEZWMAEMKES
FHEM 1R

54 BRIEUR ExPEC X 22 Fifii A it 2515
M BRI PEN (54 #F). AMX (54 1),
AMP (54 #£). FFC (54 k). TMP (54 #£). SXT
(54 ¥k). CFZ (52 ¥k). TE (52 ¥k). CA (49 ¥k).
SPT (46 #£). STR (44 #£). RAN (43 #k). GEN
(37 #k). CT (36 #k). DOX (35 #k). CRO (34 £k).
CIP (30 #k). NEO (29 #%). ENR (25 ¥k). OFL
(19 #%). AMK (17 #k)FI PB (15 #k)o 1X 255 AN [H]
PUAE R 25 I MR & FAE G 44K DNA Hr
RN 96.30%, 1PN 3.70%; 46 iUk DNA
W BHPE RS R 98.15%, BAPERIS A 1.85%.

3 WREER

bl 5 A A TR ML A PR & S, B ExPEC
5 R A R A SR 2 B AR T i e 3 B
RUET X35 U5 EXPEC B IBIFTR 5D, I IR TG
L, KSR O EERYTR, (A
NGB YA R S EANE N T AT i A
BUEL 5 25900 bt, AT 2R 251, T 215 ok

R, R TR ) R SRS Wt A B ™ B TR T IN
SEUOLHR T AT B b X S TR ExPEC 2 BS AR AE Z 1R )
18 PR 2=/ AZ 7 Fh, i X GEN Al
RAN FTH 253 100%. V16 bk 40 58 B g VT
M X R EXPEC 43 54k Z E i 2, X PEN
100%Ii 25, i3z 11 FpLL 259 i Rk o by
83.02%. KIS HELE 315 #RAE IR ExPEC 4>
Bk sz S F DL EZ5M bR 5 R 95.2%,
XF PEN 100%It 24, i 2531k 46 F, Aidef
Mt NG BENET 5 AKX 54 BRI
ExPEC X} 22 Ptk RISz E, 45 R Bosxt
PEN. AMX, AMP., FFC, SXT. TMP 100%fi}
#j, X TE. CA. RAN, STR, SPT fll CFZ fi}
ZYRITE 80% LA I, X HR 2y dsife—
EPUE, UrA ARSI AR 2 11 DL 258, i
51N 47 P, S5ELERIT S ASHLIX T 43 B R TR
ExPEC Zritk¥y A ZE2ydE, mfzhiks iy
ZA, T HUA R R R M S B X 25 1)
BV, I, TEFRGEA P, SEITAG I
WEIRE IR ExPEC BT 251500, AR 25 Boin i
EBTIR LI LR

Tii 245 5 DXL 7% J2 I DR 240 DR T 245 1 A% 9 o
B ULAHLE], AT LATE [ Fh sl AS [R] Fl 240 5 %) S5 A
DNA e e {k DNA b i A& FFE %, 1 st
B Z M2 1) Z AT, BIGIRRRTT )
I 33 5 A 7™ B W o 2% TR TR D 1 X
IR E. coli 7y BARAEYL A (R DNA H1LL gnrS il
floR BEPKG by, Hir 70%L) E R
3 AL L 25 RE R vt S AR A TP M X
U8 E. coli 7y B RRAESTRL DNA 1Lk TEM I gnrA
FEDIR R, TR TR S5 2 A DL BT 24
FER  F A HRGE XS IR E. coli T 25 3L tetd |
tetB. TEM Fl aac-II WK 5 TR AR 24 R A 4t
e S22 A Sk (P<0.01) 0 52 57 1 B 38 7 0 VR
E. coli T#Z53EMH floR. CTX-M. SHV . gnrB Fi
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gnrC Wk H 55t 245 e BUAH A .25 (P>0.05)
AR AR A 24 O IR 7 28 20 i 24 3L A
K HH PCR J5 0 A6 54 #5515 ExPEC Y fa
& DNA FlJiifi DNA Wi 25 3L oA, 2551
SRYLIR DNA LA aadAl T tetd ¥ 3R
=5, JBURL DNA DL floR K th e f i, AT iRk
o 5 A LA L 25 3 PR it 24 S R i 24 3 R A
KM R BN, B tetd . tetC. tetM. TEM.
CTX-M. sull. sul2. qnrC. parC. aadAl. aadB
H floR FE IR RS H -5 TR AR PO i 24 R 70 2 A 8 3
FHME(P<0.01)51, LA 24 35 [R5 P Rk it 245 3%
TR AR VAR B 25 (P>0.05), LA |45 B E B[]
X1 EXPEC 73 B b5 Z H Mt 25 5619, T
2P 7 A S 2 DR A AR B DDA G (H3FAR
SEA— 3, Wk R AT S B M LRI M I 2 3R T
AF ARG 0 1) 6 D T 24 5 P, sty i 24 B R (L -
TP AR L it 24 2 T 5 w5 2 1) 2
ML 5%, B TR R R S B 25 S AN BE
BTN R NI B AT 25T 68 , (H 3 e 41 3 ] B L
A TAERT 25PN Rk, KA T f# S5 U EXPEC
TS 245 55 DR 4313 S A T 100, XoF ik 24 2 7R R i 2
DR HEA T AR DG A 3B, XTI R 27 F 24 R 25 1
ks LA EEMSH T L
128 TR 4 DNA F A — 40 o BX,
HA B S [ 8 ANAR B, (B8 AT L Z2 i 245 3 R
FERR S AR b, 22 JE BEE AN TR B R WG A
T DNA AW A, il i 24 35 R AS W 3
LR , SN TR B L 2 Al AT
WIBEIR E. coli 1 KB4 FHMERH RN
66.67%, Jf H LRI BA ZEimt 251k, i
% 9 FhLL FHid 2, Shaheen Z5EUURE 2 Mk
E. coli | 45 F BHME BRI 2 5 LA BhiAER
fif 2y, T HAEH 1 RS F R DNA —H %
&, AN 25 P I O . A 1 285+
() B AGE HH 80, TEGL (UK DNA F2 96.3%,

TEJFORL DNA | 98.15%, 3f HAGH 1 28841
(R PR TR ARR S8 B Z R 254, T2 11 FlA
RITE 259 . UG TR ExPEC 1 2844 F 14
WG S L2\ A B C R, MH 128
BTk 2T = AT R S8R ExPEC i 23
S FIT 25 15 ) 12 AEAEA 06 o FL il o3 B R AR A
) 1R AEGLH, XTgE 2 h TS 2 EMZ
() LAt 352 A5 TC L T A T M YL (/K DNA Fl
ki DNA b, sifge oAbt 250101, o3 shsh
HE. AN R ER, KW L H i 2y p ik
I AFAE A 25 L 5 A SRR Poe =
Mif 25 AL, 1 24885 FIAFFEXT EXxPEC Tif 243
D] ) 1 40 S 22 B 24 1 1 7 A T R 4% 7 B4R
AP e, KR ExPEC H 1 84T
oA, I AR A BN ST A: 45l ExPEC
/IR LA B

54 #RMG IR ExPEC I H A Z M2y, iy
TR A2 HE . 20 T 2 LR 7E L 0 /& DNA (1948
WEN 95%, LIGIWETT AL IR 5 2500 2 5t
aadA1 F tetA 3 ; R DNA #5455 0 80%,
DLFRA JE 5 RNV T TR S it 25 5L 1A floR N parC
3, WA 250 7 A i 2 B R AR LA
— B CE,  H A AR B 2 2 R
12848 4 T 1EGL (0 1K DNA ISR DNA Ho g B i
RIFHHN 96.30%F1 98.15%, kL Ei 241k
[ RS TFIAAESGRREY, i1 KEET
FAAF-AE SN T TS 24 35 RT3 8 1 XU <
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